This report documents a case of spontaneous, fatal, and likely recrudescent human herpesvirus type 1 (HHV-1) infection in a captive white-handed gibbon (Hylobates lar) confirmed by polymerase chain reaction (PCR). An approximately 44-year-old, captive, female, white-handed gibbon with a history of recurrent conjunctivitis and occasional seizures became acutely weak, disoriented, and ataxic. A postictal state was suspected by caretakers and veterinary staff, and euthanasia was ultimately elected because of lack of clinical improvement with supportive care. No significant abnormalities were detected at necropsy. Histologically, sections of cerebrum and midbrain contained minimal to mild, multifocal lymphoplasmacytic meningoencephalitis with numerous intranuclear viral inclusions within astrocytes and some neurons. The presumptive diagnosis of HHV-1-induced encephalitis was strengthened by nested PCR amplification of a segment of the herpesvirus DNA polymerase gene. Sequences from this region have been found to be unique to each herpesvirus species, thus identifying HHV-1 as the likely etiologic agent in this case. Positive HHV-1 serology from several years before the terminal episode suggested that the disease was most likely due to recrudescence of latent HHV-1 infection.
Herpesviral infections are common in human and nonhuman primates. In their natural hosts, these viruses usually result in mild disease. However, transmission of certain herpesviruses to other species can result in severe and often fatal outcomes. Herpesviral interspecific transmission creates significant risk for captive primates and the human handlers working with them. 8 Human herpesvirus type 1 (HHV-1), a member of the alpha-herpesvirus subfamily, has a broad range of cross-species infectivity with considerable variation in expression and disease severity among different hosts. Infection in humans, the natural host, most commonly results in mild disease characterized by recurrent mucocutaneous lesions, with rare, fatal systemic disease in infants or immunocompromised individuals. 4, 7, 14 In contrast, significant and often fatal disease occurs with HHV-1 infection in a variety of nonhuman primates and other species. New World monkeys are particularly susceptible and often succumb to the disease. 8, 14 Fatal, spontaneous HHV-1 infection has also been identified in several nonprimate species, including the domestic rabbit (Oryctolagus cuniculus), 17 chinchilla (Chinchilla lanigera), 19 and African pygmy hedgehog (Atelerix albiventris). 1 In Old World primates, natural HHV infection has been recognized in gorillas (Gorilla gorilla), chimpanzees (Pan troglotydes), bonobos (P. paniscus), and gibbons. 5, 6, 9, 11, 12, 15 In affected apes, disease often remains localized to mucocutaneous tissues, resembling infection in humans. been associated with viruses serologically consistent with HHV; however, confirmation of HHV-1 infection by molecular techniques has not, to date, been achieved. 5, 11, 12, 15 This report documents a case of spontaneous, fatal, and likely recrudescent HHV-1 infection in a white-handed gibbon (Hylobates lar) confirmed by polymerase chain reaction (PCR).
A zoological park acquired an approximately 10year-old, female white-handed gibbon from another institution in September 1969. The gibbon was housed with her mate from 1969 until its death in 1985. Over the years, several of their offspring also temporarily shared the enclosure. At the time of its death, the gibbon was housed with 1, 19-year-old female offspring.
Pertinent clinical history included chronic, recurrent conjunctivitis and dacryocystitis since November 1998 and a history of seizures, first recognized and recorded in December 1998. Additional seizure episodes occurred in March 2000 and again in September 2003, immediately before euthanasia. The animal was tested serologically positive for HHV-1 in 1998, 2000, and 2001. Antibodies to chimpanzee cytomegalovirus were also detected at these times. In addition, in 2001, antibodies to HHV-4 (Epstein-Barr virus) were detected. This individual was serologically negative for cercopithecine herpesvirus 1 (Herpes simiae) at all testing times. Serology was not performed after November 2001.
One morning in late September 2003, keepers observed that the animal was weak, disoriented, and ataxic. A postictal state was suspected considering the previous history of seizures. The animal was removed from the exhibit and transported to the hospital for evaluation. Physical examination revealed altered mentation, paresis, and severe hypothermia. Supportive care was initiated, and blood was collected from the femoral vein for routine complete blood count and serum chemistry analysis. Elevated levels of liver enzymes (aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase) and evidence of dehydration (prerenal azotemia, hypernatremia) were the only significant abnormalities. The animal remained weak, poorly responsive, and was not able to thermoregulate, until euthanized 3 days later.
The carcass was shipped to a regional diagnostic facility for necropsy. No gross lesions were noted. Samples of major organs (brain, lung, liver, kidney, and heart) were fixed in 10% neutral-buffered formalin, embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin for routine light microscopy.
Histologically, the cerebral leptomeninges contained frequent, scattered, small to moderate accumulations of lymphocytes and fewer plasma cells. Scattered vessels in the cerebrum and midbrain were cuffed by small numbers of lymphocytes and plasma cells. Small numbers of neurons were hypereosinophilic, shrunken, angular, and occasionally flanked by 3-6 glial cells. Many astrocyte nuclei contained 2-5 m, round, intensely eosinophilic inclusions surrounded by a clear halo and marginated chromatin. Lesser numbers of astrocytes and scattered neurons contained 5-8 m, smudgy, pale eosinophilic to amphophilic inclusions that extended to the borders of the nuclear membrane ( Fig. 1) . No other significant histologic lesions were noted.
The DNA was extracted from paraffin-embedded brain tissue using the QIAamp DNA tissue kit. a Nested PCR amplification of a segment of the herpesvirus DNA polymerase gene was performed using previously described methods. 16 The PCR product was resolved in a 1% agarose gel. The band was excised and purified using the QIAquick gel extraction kit. a The purified product was directly sequenced using the Big-Dye Terminator Kit b and analyzed using an automated sequencer (ABI377). b Amplification resulted in a 178-bp product after editing.
The sequence from this case (GenBank accession No. AY705985) was compared with known sequences in GenBank, c EMBL, d and Data Bank of Japan e databases using TBLASTX. 2 The BLASTN results for the sequence showed 100% nucleotide homology with HHV-1 DNA polymerase (GenBank accession No. X04495). Sequences from this region have been found to be unique to each herpesvirus species. Thus, results definitively identified the presence of HHV-1 in the brain of this animal. 10, 16 On the basis of histopathology and PCR results, herpesviral meningoencephalitis caused by HHV-1 infection was determined to be the impetus for the animal's most recent clinical deterioration. The source of infection for this individual was assumed to be an infected human caretaker. This animal was serologically positive for HHV-1 when first tested in 1998. Serology from the single, living enclosuremate (19-year-old offspring) was also positive for HHV-1 at this time. Without evidence of the time of seroconversion and because this animal had resided in multiple institutions under the care of many different caretakers over the years, the definitive source of infection could not be determined.
In Old World primates, HHV-1 infection results in a spectrum of disease analogous to that recognized in humans. 7 Similar to the epidemiology of HHV-1 in humans, 18 serologic studies of HHV-1 in a variety of ape species have shown evidence of significant exposure to the virus in clinically healthy individuals. 3, 13 Mild mucocutaneous eruptions that heal spontaneously are common manifestations of HHV-1 infection in humans. Spontaneously resolving, presumed herpesvirusinduced, mucocutaneous lesions are not uncommon in apes. 3, 4, 7 In contrast, fatal HHV-1 meningoencephalitis in humans occurs only sporadically in immunocompromised or very young individuals. Reports of fatal HHV-1-associated meningoencephalitis in apes are rare and have included a neonatal lowland gorilla and a colony of splenectomized gibbons. 6, 15 Such reports suggest that predisposing factors similar to those recognized in human cases exist for the development of meningoencephalitis in apes. In this case, mild, recurrent conjunctivitis and dacryocystitis, clinically consistent with herpesviral mucocutaneous lesions, were present. Advancing age was considered as a potential significant predisposing factor in the development of herpesviral meningoencephalitis in this individual.
In humans, herpesviruses establish lifelong latency and may be reactivated at any time. Recrudescence of latent infection occurs periodically in response to a variety of stimuli, including ultraviolet light, fever, nerve injury, immunosuppression, or stress. Clinical manifestations of recrudescent infection may consist of mild mucocutaneous eruptions or less commonly meningoencephalitis and disseminated disease. 18 In previous reports of meningoencephalitis in gibbons associated with HHV infection, serologic evidence of long-term infection before fatal disease had not been documented. 5, 11, 12, 15 In this case, positive serology for HHV-1 since 1998 and the history of chronic, recurrent conjunctivitis and occasional seizures suggested long-term infection with the virus. In light of this history, the terminal episode was considered likely because of recrudescence of latent infection.
In the majority of previously reported cases of HHV-associated meningoencephalitis in gibbons, the causative virus serotype was not definitively determined through the methods used. 5, 11, 15 One case report did state that isolated virus ''was serotyped as Herpesvirus hominis type 1,'' 12 however, specific methodology was not described. In the other reports, the time-consuming and relatively expensive process of virus isolation, followed by immunologic identification was most often used. Virus identification methods are complicated by the close antigenic relatedness of many of the human and primate herpesviruses. In contrast, application of PCR and gene sequencing for detection and identification of herpesviruses provides a rapid, sensitive, and specific alternative for diagnosing herpesviral disease. 16 In this case, PCR testing resulted in the definitive identification of HHV-1 within sections of affected brain, strengthening the diagnosis of HHV-1 meningoencephalitis.
